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. 1 
TITLE 

AN IMPROVED PROCESS OF 
POLYMERIZATION IN AN AQUEOUS SYSTEM 

5 

FIELD OF THE INVENTION 
This invention relates to an improved method of free radical 
polymerization in an aqueous system. In particular, the method employs a 
certain kind of macromonomer, having terminal ethyienic unsaturatation, as 
10 a chain transfer agent imder aqueous conditions. Such a macromonomer is 
advantageous for controlling the molecular weight of polymers or copolymers 
produced therewith, 

BACKGROUND OF THE INVENTION 
15 In any polymerization process, it is necessary to be able to 

control the molecular weight of the polymer produced so that it may be fitted 
to a particular use or need. For example, in unperturbed polymerization 
systems which fundamentally tend to produce high molecular weight 
pol3miers, it may be desirable or necessary to limit the molecular weight of 

2 0 the polymers produced, and this must be done in a fairly predictable and 

controllable fashion. Such molecular weight limitation may be desirable or 
necessary in the preparation of polymer solutions for use in paints and 
finishes which require high solids content to assure reduced solvent emission 
during application and yet which require low viscosity to facilitate ready 
25 application. 

Controlling the molecular weight of polymers in an aqueous 
system has been especially limited or problematic. Mercaptans, such as butyl 
or dodecyl mercaptan, have been predominantly used to lower the molecular 
weight. However, in free radical polymerizations, there are a number of 

3 0 conventional means of effecting such molecular weight limitation. These, 

along with notable disadvantages or problems, include 

(1) A high initiator/monomer ratio. However, this may be 
costly in terms of initiator consumption. Also, high initiator levels may also 
produce undesirable end groups on the polymers produced. 
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(2) Polymerizatioii at high temperatures, particularly for 
suspension (bead) or emulsion polymerization. However, this may lead to 
midesirable depropagation^ thermal initiation, and midesirable secondary 
reactions. 

5 (3) Adding stoichiometric amoimts of thiol chain transfer 

agents to the polymerizing systent However, the attendant iucorporation of 
sulEur-containiag agents into the polymer may render it less durable than is 
desired* There may also be odor problems associated with tiie use of 
sulfur-containing chain transfer agents. 

10 (4) Chain transfer agents employing cobalt (II) chelates such 

as disclosed in U.S. Patent 4,680^52 and U.S. Patent 4,694,054, including 
aqueous and non-aqeous polymerization. Howver, a possible disadvantage of 
these is that some do not work in water and some are adversely affected or 
deactivated by low pH, They may cause color problems, especially if 

15 interaction with some monomers may require higher levels of the cobalt 
chelate. 

The use of terminally ethylenically unsaturated oligomers or 
macromonoiners as chain transfer agents as a means of controlling molecular 
weight of certain polymers in some contexts is known. There have been a 

2 o nmnber of studies and articles on macromonomers acting as chain transfer 

agents. 

Macromonomers are known, for example, as disclosed in U.S. 
Patent No. 4,547,327; U.S. Patent No. 4,170,582; U.S. Patent 4,808,656, 
Japanese patent 3,161,562; j£g)anese patent 3,16133. See also, P. Cacioli, et 
25 aL. J. Makromol, Sm.-Chem. . A23 (7), 839-852 (1986) and ILTanaka, et aL, 
Journal of Polvmer Science : Part A : Polymer Chemistry, 27, 174H748 
(1989). Regarding the mention of aqueous polymerization, see U.S. Patent 
No. 4,170,582 and Japanese Kokai Hei 3(1991)-161593 and Hei 3(1991)- 
161592. 

30 It is an object of this iiivention to provide a method of 

polymerization in aqueous systems which employs a terminaUy unsaturated 
macromonomer as a catalytic chain transfer agent. It is a further object to 
control the molecular weight of the polymer or copolymer produced. 

Use of the present invention avoids the use of sulfur bearing 

3 5 chara transfer agents with their associated problenas. The present method 



also has a number of potential advantages, including lower polymerization 
temperatures, reduced initiator costs, and improved color. The resulting 
polymer and coatings may exhibit unproved durabihty. 

Yet another object is to provide an improved method of 
obtaining a final polymer based product less subject to ultraviolet 
degradability, making them useful in many applications, such as in paints and 
finishes. Other applications are in the area of imaging, electronics, for 
example photoresists, engineering plastics, and polymers in general. 

These and other objects will become apparent hereinafter. 

SUMMARY OF THE INVENTION 
The present invention provides an improved free radical 
polymerization of one or more monomer species in an aqueous system, 
wherein polymerization occurs in the presence of a chain transfer agent, the 
inq)rovement characterized in that the chain transfer agent is a terminally 
unsaturated macromonomer, as defined below. The polymer produced may 
or may not have functional groups for crosslinking. In a further aspect of the 
present invention, the polymers so produced have been foimd to have 
improved properties for use in coatings and especially in finishes and paints. 

DRTAH .F.n DESCRIPTION OF THE INVENTTON 
This invention is directed to a method of free radical 
polymerization, in an aqueous system or medium, of a desired monomer 
composition, to produce a wide variety of polymers or copolymers made fi'om 
olefins such as ethylene, propylene or butadiene, halogenated vinyls such as 
vinyl chloride or vinyl fluoride, vinylidene fluoride, vinyl ether, 
tetrafluoroethylene, styrene, acryhc or methacryUc adds and their esters or 
amides, chloroprene, vinyl acetate, acrylonitrile, and/or mixtures thereof! In 
the case of acrylic or methacrylic polymers, the monomer composition 
comprises monomers which are esters of acrylic add or methacrylic add. 
The latter may be polymerized with a variety of comonomers, including 
comonomers which carry functional groups which can serve as crosslinking 
sites. 

The invention has use, among others, for controlling or 
reducing the molecular weight of the acrylic polymer or copolymer so 



produced. The iiivention is also useful for placing functional groups at the 
ends of polymers, for example to produce telechelics or pseudo-telechelics. 
Other sigmfLcant uses are explained in detail below. 

The method of the present invention employs, as a free radical 
chaia transfer agent, the use of relatively low molecular weight 
macromonomers, having a)-unsaturation, which macromonomers may itself 
be made with a metal dielate chain transfer catalyst. Such macromonomers 
are compounds that are typically comprised of at least two monomer units. 
However, although less preferred^ it is contemplated that a? -unsaturated 
macromonomers might also be prepared without polymerization, according 
to a known or routine organic synthesis. 

The macromonomer chain transfer agents employed in the 
present invention may be a pure compound or a polydisperse mixture of 
compounds. These materials have utilii^ either alone or as blends when used 
as chain transfer agents for virtually any free radical polymerization. 

Preferably, the present chain transfer agents are used as a 
polydisperse mixture, whicli mfeture has a distribution of molecular weights 
having a very low degree of pofymerization, i.e-, DP = 2 to 100, preferably 2 
to 20, and most preferably 2 to 7. For each particular macromonomer 
compound, n is an integer. 

The macromonomers of interest, as weE as the polymers 
produced thereby, include those having the following end group: 

CHo 

CH2 — 

X 

where X is -CONR2, -COOR, ORI -OCOR, -OCOORI -NCOORI, halo, 
cyano, or a substituted or unsubstituted phenyl or aryl, wherein each R is 
independently selected from the group of hydrogen, silyl, or a substituted or 
unsubstituted all^l, all^l ether, phenyl, ben:qfl, or aiyl, wherein said groups 
may be substituted with epo^^ hydropsy, isocyanato^ .cyano, amino, silyl, acid 
(-COOH), halo, or acyl; and wherein R^ is the same as R except not H; 
whereiu each aliyl is independentiy selected from the group consisting of 
branched, unbranched, or cyclical hydrocarbons having 1 to llrpreferably 1- 
6, and most preferably 1-4 carbon atoms; halo or halogen refers to bromo. 
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iodo, chloro and fluoro, preferably chloro and fluoro, and silyl includes - 
SiR2(R3)(R4) and the like, wherein R2 r3, and R4 are independently alkyl, 
phenyl, alkyl ether, or phenyl ether, preferably at least two of r2 r3^ and R"* 
being a hydrolyzable group, more preferably two of which are alkyl ether, 
5 wherein alkyl is as defined above, preferably methyl or ethyl. A plurality of 
silyl groups may be condensed, for example, an organopolysiloxane such as 
.Si(R2)2-O.Si(R3)2R4 wherein r2 r3 and r4 are independently alkyl. See 
U.S. Patent 4,518,726 for silyl groups in general. 

A preferred class of macromonomers for use in the present 
10 invention are those macromonomers according to above structure in which X 
is -CONR2, -COOR, unsubstituted or substituted phenyl, aiyl, halo, or cyano, 
and R is as defined above. 

A more preferred class of macromonomers for use in the 
present invention are those macromonomers according to above structure in 
15 which X is -COOR or phenyl and R is allqrl or phenyl unsubstituted or 
substituted with epo^, hydroxy, alko^silyl or hydrogeiu 

The macromonomers employed in the present invention are to 
be distinguished from the more conventional macromonomers having the 
following end group: 



20 



o 

II 

-o — c — 



CH-: 



Preferably, the macromonomers employed in the present 
invention, as well as the polymers produced thereby, are characterized by the 
25 following end group: 



■9-CH2-C, 
i2 



30 



wherein and are independently (the same or different) X as defined 
above. 
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The general cttemical structure of suitable macromonomers for 
use in the present invention is described below where n = 2 to 100 on 
average. 



5 



rl r . - . (n-1) 



CH^ 



^C— CH2 



-C— CH2--H 



n-1 



wherein to is independently defined as above for X and n is on 
average 2 to 100, preferably 2 to 20. 

For example, a general formula for a methacrylate 
10 macromonomer is as follows: 



^OR^ r • i . ( n-1 ) 



II 

o 



f 



CH2 — C CH2p"H 



J n-1 



wherein to are independently (the same or different) and defined as 

15 above for R and n is on average 2 to 20, preferably 2 to 7. 

As a further very specific example, a methyl methacrylate 
trimer, wherein n equals 3 and R equals -CH3, is as follows. 



20 



25 



CH2 



.OCH3 



II 
O 



I' 1 

Ti ^ 



As indicated above, dimers, trimers, tetramers, etc., as defined 
above, or mixtures thereof are suitably employed in the present invention. 
Mixtures of varying molecular weight are probably easier to prepare in large 
quantities. A wide range of molecular weight oligomers may be made, which 
in turn may be distilled to obtain a purer or pure oligomer, for example the 
tetramer. The macromonomers do not have to be in any particular form. 
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7 

The macromonomers may be stoTcd and added in bulk, as liquids or solids, 
mixed in a solvent, mixed with monomers. 

Many of the macromonomers, that can be employed in the 
present process, are known, for example as taught in Janowicz published 
5 European Patent Application 0 261 942, herein incorporated by reference. 
The alpha-methyl styrene dimer, which is the same as the compound 
2,4-diphenyl-4-methyl-l-pentene, is disclosed as a chain transfer agent in 
aqueous emulsions in the above-dted Japanese references. Therefore, the 
claimed invention does not include the use of the pure dimer, i.e. a 
1 0 compound according to the above formula when n is 2 and X is phenyl, but 
does not exclude a distribution of such macromonomers that may include 
that particular compound. However, chain transfer agents with such a 
phenyl or aiyl group may be less preferred for reasons of the properties of 
the resulting polymers as a consequence of aromatic end groups. It is noted 
15 that the dted Japanese references did not indicate that their pure chain 

transfer compound was prepared by a polymerization process or by a metal 
chelate chain transfer process, for example involving cobalt 

According to the present invention, suitable macromonomers 
are dimers, trimers, tetramers, and higher oligomers of monomers. Thus, 
2 0 macromonomers comprising branched, unbranched or cyclical methacrylates 
such as methyl, ethyl, propyl, butyl, 2-ethylhexyl, and/or decyl methaciylate; 
cyclohe3cyl, phenyl, or benzyl methacrylate; glycidyl methaciylate, 
hydroxyethyl or hydroxypropyl methacrylate, methacrylic add, 
methacrylonitrile, methaciylamide, 2-isocyanatoethyl methacrylate, 

2 5 dimethylaminoethyl methacrylate, N,N-dimethylamino-3-propyl 

methacrylamide, t-butylaminoethyl methacrylate, and silanes such as 
methacrylojg^ropyltrimethojg^ilane, or mixtures of the foregoing, and 
numerous others can be employed. Hetero macromonomers, as for example, 
the reaction product of methylmethacrylate and methacrylonitrile are 

3 0 suitable. These macromonomers are most easily made by a metal chelate 

catalytic chain transfer, for example a cobalt chelate, as will be oqjlained 
below, but they could be made by other methods as well. 

The present macromonomers can be used, for example to 
control molecular weight during polymerization of acryKc and other 
3 5 monomers, in an effective amount of only a few percent by weight of the 
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macroinonoiner present in the monomer mixture. A siiitable range of 
macromonomer chain transfer agent is between 0.01% and 80% by weight, 
preferably abont 0.1 to 40%, and most preferably 1 to 10% by weight of the 
. monomer reactants. For bulk or bead polymerization, where in some cases it 
5 may be desired to bring down the molecular weight only slightly from its 
unregulated molecular weighty then only 0.001 to 5% of the macromonomer 
chain transfer agent may be suitable. 

The polymers made according to the present invention have 
wide utiUty, indiiding use in coatings and sealants, basically wherever one 

10 skilled in the art would use a low molecular weight, low dispersity polymeric 
material. With respect to coatings in which durabUty is desired, polymers 
and compositions thereof, made according to the present invention, can have 
advantageous properties associated with the above mentioned end groups. 
For example, the QUV perfdnn^nce of clears thusly made may be improved 

X5 compared to clears made with an alternative method such as high initiator 
level, high temperature, or alternative chain transfer agents. The misdbilily 
and/or viscosity differences may also be improved. Hence, polymers can be 
made without the deleterious moieties that enter from alternative methods of 
molecular weight control- 

20 Although applicants do not wish to be bound by any theory, it 

is believed that, when employmg the present macromonomer chain transfer 
agents, tiie attendant molecular weight control occurs because the 
macromonomer can, in addition to copolymeiizing normally, also undergo a 
beta-sdssion reaction. This beta-sdssion reaction causes part of a 

25 macromonomer molecule to become attached to the other end of the 
growing polymer molecule, thus terminating its growth. The detached 
portion of the macromonomer, now containing a free radical center, 
propagates by addition to free monomers in the reaction system. To the 
extent tiiat normal copolymerization is also taking place, there will be 

3 o additional macromonomer units randomly incorporated along the polymer 
chain. If beta-sdssion is made to predominate' over normal 
copolymerization, then telechelic polymers having a functional group 
attached to the end of the polymer may be produced at high levels. Although 
iQustrated with a particular X gj'oup, from the above formula, the following 

35 kind of reaction mechanism is beHeved to occur. 
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CH3 CH3 CH3 

CH3-C0 +(n+l)CH2=C ► CH3— C-(cH2-i^CH2-io 

COOCH3 COOR COOCH3 COOCH, 



I 3 

CH3— C— COOR 



I 



f^3 CH3 CH3 CH. 

C-^CH2— C-^CH2 — CO + CH5 = C 

' In I I 



COOR COOCH3 COOCH3 COOR 



CH3 



CH, 

CH^— C— COOR 

. I 

CH3 CH3 CH3 CH, 

icH2 -c •)CH2 C— CH,— C" 

COOR COOCH3 COOCH3 COOR 



10 



I 

CH3— C-^CH2— c-^CH2 — C— CHj — C* — 
COOR COOCH3 ^OOCH3 COOR 



CH. 
I ■ 

CH3 — C— COOR 



CH3 CH3 CH2 



r_} Tn^ f^- ir«2 p 

CH3— c-^CH2 — c^CH^C — CHp — C + CH3— c o 

COOR COOCH3 60OCH3 COOR COOR 

15 



The present invention is directed to free radical polymerization 
of unsaturated monomers in an aqueous medium. As indicated above, such 
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' 10 

use solves the long standing problem of molecular weight control in emulsion 
poljonerization without using sulfur compoxmds, as indicated above. By the 
tenn aqueous is meant that the polymerization is conducted in water as the 
major component of the medium. This includes polymerization such as 
5 - occurs in suspension, emulsion or solution polymerization, as win be familiar 
to those skiHed in the art Such polymerization is typically conducted in a 
solvent whidh is primarily water, in most cases essentially water, although 
lesser amounts of organic solvents, for example alcohols, may be included. 
Pofymerizatlon may be a batch process in which the 

10 monomers, initiator and water are loaded into the reactor and heated to. an 
effective polymerizatipn temperature. Jn a batch process, the reaction may 
be run under pressure to avoid monomer reflux and the water medium can 
be viewed as absorbing the reaction heat. The suspension agent controls the 
particle size and the polymer settles out of water and is filtered out. A 

X5 ^ical example of a polymer is a simple acrylic poljnoaer comprising 80% 
methyl inethaciylate and 20% methaciyUc add. 

The macromohomers employed in the present invention are 
typically prepared by standard solution polymerization techniques, but may 
also be prepared emulsion, suspension or bulk polymerization processes. 

2 0 Preferably, a metal chelate chain transfer catalyst is employed in the method 
of preparation. Siich a method is disclosed in iho above mentioned U.S. 
Patent No. 4,680,352, issued to Janowicz et al. and U.S. Patent No. 
4,694,054,: issued to Janowicz. both of which are coromonly assigned and 
hereby incorporated by reference in their entirety. To obtain some of tiie 

2 5 relatively lower molecular weight macromonomers of the present invention, 
one could employ higher amounts of a metal chelate chain transfer agent. 
The same prior art process can be used in making the present relatively low 
molecular weight macromonomers or ohgomers, such as dimers and trimers. 
In effect, one chain transfer agent is used to make another chain transfer 

30 agent. 

An initiator which produces carbon-centered radicals, 
sufficient^ mild not to destroy the metal chelate chain transfer agent, is 
typically employed in preparing the macromononmers. Azo compounds, as 
described below, are suitable initiators.: 
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The method of making the present macromonomers can 
employ a wide variety monomers and monomer mixtm-es. 

The kind of reaction sequence which is preferably employed 
for preparing the present macromonomer chain transfer agents, although 
with reference to the particular case where X is -COOCH3 in the above 
formula, is illustrated as follows. 

*r^3 CH3 CH3 CH3 CH3 

CH3-C- +(n+l)CH2 = C ► CH3— C-(cH2 — C^CH2— CO 

^OOR COOCH3 COOR COOCH3 COOCH3 



10 



15 



rj f5 



COOCH3 C00CH3 C00CH3 C00CH3 C00CH3 C00CH3 



CH3 CH3 

MH + CH2=C ► M + CH3 — C o 

COOCH3 COOCH-: 



wherein "M" is a metal chelate catalytic chaui transfer agent such as one of 

the cobalt complexes known to those of skill in the art 

As will be apparent to one skilled in the art, these 

macromonomers could also be prepared in situ from appropriate reactants, 
2 0 although they are preferably made separately and then added to the 

polymerization reaction mixture. 

The aqueous polymerization process according to the present 

invention, in which polymers or copolymers are produced employing the 

above described macromonomer chain transfer agents, is suitably carried out 
25 at 20-170°C, preferably 50-145°C. 
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Any source of radicals or any of the known class of 
polymerization initiators is suitable, provided the initiator has the requisite 
solubility in the solvent or monomer mixture chosen and has an appropriate 
half life at the temperature of polymierization. Polymerization initiators may 
5 be redox or thermally or photochemically induced, for example azo, 

peroxide, pero^ester, or persulf ate. Preferably, the initiator has a half life of 
from about 1 minute to about 1 hour at the temperature of polymerization. 
Some suitable initiators include ammonhun persulfate, azocumene; 2,2'- 
azobis(2^methyl)butanenitrile; 4,4'-azobis(4-cyanovaleric add); and 2-(t- 
10 bulylazo)-2-cyanopropane. Other non-azo initiators having the requisite 
solubility and appropriate half life may also be used. 

The polymerization process can be carried out as either a 
batch, semi-batch, continuous, or feed process. When carried out in the 
batch mode, the reactor is; typically charged with macromonomer and 
15 monomer, or aqueous medium and monomer. To the mixture is then added 
the desired amount of initiator, ^ically such that the M/I (monomer to 
initiator) ratio is 10 to 200. M typical samples, the macromonomer chain 
transfer catalyst is added in the amount such that the catalyst/initiator or C/1 
ratio is in the range of 0.10 to 20. The mixture is heated for the requisite 
2 0 time,usually one-half hour to ten hours. 

If the polymerization is to be carried out as a feed sj^em, 
particularly for emulsions, the reaction is typically carried out as follows. 
The reactor is charged with aqueous medium. Into a separate vessel are 
placed the monomer and macromonomer. In a separate vessel is added 
25 initiator and aqueous medium. The aqueous medium in the reactor is heated 
and stirred while the monomer and macromonomer solutions are introduced, 
for example by a syringe pxmap or other pumping device. The rate of feed is 
determined largely by the quantity of solution. When the feed is complete, 
heating may be continued for an additional half hour or more. 
30 In either type of process, the polymer may be isolated by 

strippinjg oiff the aqueous medium and tmreacted monomer or by 
precipitation with a non-solvent Alternatively, the polymer solution may be 
used as such, if appropriate to its applicatioiL 

The polymerization process is suitably carried out ^th a 
35 variety of monomers in the reaction mixture employed to form the polymer 
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product For example, methacrylate and acrylate ester monomers and 
styrene may be included, Methacrylates which are useful in this invention 
include branched, non-branched, or cyclical alkyl esters of Cj to C12 alcohols 
and methacrylic acid, for example, methyl and. ethyl methacrylate. Other, 
monomers include, but are not restricted to, aliyl, alkoxysilyl, glycidyl, 
hydroj^allcyl (for example, hydroxyethyl and hydroxypropyl), aUyloxyethyl, 
and mono or dialkylaminoallg^l methacrylates, wherein the alkyl is suitably 
has 1 to 12 carbon atoms, preferably 1 to 8, most preferably 1 to 4 carbon 
atoms. 

Other monomers that can be polymerized accordiiag to the 
present process include tetrafluoroethylene, vinyl chloride, styrene, vinyl 
fluoride, vinylidene fluoride, propylene, ethylene, vinyl ethers, vinyl esters, 
anhydrides of maleic or itaconic and their acids, and the like. 

The invention has wide applicability in the field of free radical 
polymerization and may be used to produce polymers and con^ositions 
having many uses. The polymers produced thereby may exhibit improved 
dm-ability, including improved resistance to ultraviolet degradability. Such 
polymers may be used in coatings, including clearcoats and basecoat finishes 
or paints for automobiles and other vehicles or maintenance finishes for a 
wide variety of substrates. Such coatings may further include pigments, 
durability agents, corrosion and oxidation inhibitors, sag control agents, 
metallic flakes, and other additives. Additional applications are in the fields 
of imaging, electronics, for example photoresists, engineering plastics, 
adhesivies, sealants, and polymers in general. 

The following examples demonstrate the method of the 
present invention. Unless indicated otherwise, all parts are by weight and all 
molecular weights are based on a polystyrene standard. 

EXAMPLES 1-3 
. Examples 2 and 3 illustrate an emulsion polymerization 
process according to the present method, with Example 1 being a control. 
Varying amounts X, by weight of reaction mixture, of the macromonomer 
chain transfer agent are employed. The overall reaction composition, by 
weight, is BMA / 2EHMA / HEMA /MAA / methacrylamide / oligomeric 
pMMA in the respective ratio of 30-X: 61 : 3 : 3 : 3 : X, wherein BMA is 
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bulyl methaciylate, 2EHMA is 2-ethyIhe}iyl metifciaaylate, HEMA is 
hydro^ethyl methacrylate, MMA is methyl methacrylate, and pMMA is a 
polymethylmethacrylate macromonomer of the Jdnd described by the general 
formula above and having an number average molecular weight (hereafter 
5 Mn) of 316 and a polymer dispersity or M^/Mj^ (hereafter D) of 1.31. The 
polymerization initiator is ammonium persulfate. The following components 
were employed in the polymerization. 





Parts by 






Part 1 




Demineralized Water 




TREMLF-40 


1.33 


DupanoIWAQE 


Lll 


Pm2 


■ 


Demineralized Water 


32.64 


Anunonium persulfiate 




Parts 




Butylmethaciylate 


90.52-X 


2-EtIqrlhexyl methaciylate 


184.05 


Hydro^ethyl methacrylate 


9.05 


Methaciylamide 


9.05 


Methacrylic acid 


9.05 


OHgomeric pMMA 


X 


TREMLF^O 


3.80 


DUPANOLWAQE 


3.11 


Demineralized Water 


18L87 


Part 4 




Demineralized Water 


80.88 


TOTAL 


858.16 



35 
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In the above list, TREM LF-40 is sodium dodecyl allyl 
sulfosucdnate (40%) in water and DUPANOL WAQE is sodium lauiyl 
sulfate (30%) in water are commercially available emulsion stabilizers. 

Part 1 is charged into a 2 liter reactor, mixed to dissolve and 
5 heated to 185-187°F. Part 2 is charged into an initiator feed vessel in order, 
mixed and dissolved. Part 3 is charged into the monomeric feed vessel in 
order, without mixing. The contents of Part 3 are preemulsified and adjusted 
to an emulsion temperature of 80-85T. Polymerization is started by adding * 
5% of Part 3 into the reactor in a single shot. The reactor temperature is 

10 stabilized to 185-187°F and all of Part 2 (initiator solution) is added in a 
single shot The temperatiu-e of the reactor will rise. When stable, the 
remainder of Part 3 is added over 90 minutes. The reactor temperatiu-e is 
controlled to 190-194T. After completing the addition of Part 3, the reactor 
is held at a temperature of 190-194T for 60 minutes, cooled to lOOT, and 

15 Part 4 is added over 5 minutes. 

The solids content of the product is 35.35%. The results for 
the product obtained in each of examples 1 to 3 are shown in Table 1 below. 
This Table demonstrates that low level additions of the oKgomeric pMMA is 
an effective chain transfer agent, in an aqueous system, which efficiently 

2 0 reduces the molecular weight of the latex from an undeterminable molecular 
weight thought potentially having an Mn greater than 100,000 to an Mn 
below 12,000, Table 1 also demonstrates that the molecular weight reduction 
has little or no effect on mean particle size of the latex. 
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EXAMPLES 4to8 
Examples 5 to 8 illustrate an emulsion process according to the 
present invention, with example 4 being the control. The same 
macromonomer as in Examples 2-3 were used, except that the pMMA chain 
5 transfer agent was introduced into the reaction either by direct addition at 
the beginning of the polymerization (all in the reactor) or added concurrentyl 
with the monomers over 90 minutes. The overall reaction composition, by 
weight, is again BMA / 2EHMA / HEMA / MAA / methaciylamide / 
oligomeric pMMA according to the respective ratio of 30-X : 61 : 3 : 3 : 3 : X, 
1 0 wherein X varies in each example as shown in Table 2 below. In these 

examples, the polymerization initiator is the azo compoimd 4,4'-bis-azobis(4- 
cyanovaleric add). The following components were employed. 

15 

Parti 

Demineralized water 
TIlEMLF-40 
DUPANOLWAOE 
2 0 Oligomeric pMMA (Examples 5 & e 

£ssl2 

Demineralized water 
4,4'-bis-azobis (4-cyanovaleric add) 

25 

. Part s 
Butyl methacrylate 
2-Ethylhexyl methacrylate 
Hydroxyethyl metbaaylate 
30 Methaciylamide 
Methacryhc add 

Oligomeric pMMA (Example 7 & 8) 
TREM LF-40 
DUPANOLWAOE 
3 5 Deminerahzed water 



Parts by 
weight 

250.94 
1.33 
1.11 
X 



32.64 
0.93 



90.52-X 
184.05 
9.05 
9.05 
9.05 
X 

.80 

3.11 
181.87 



wo 93/22351 



PCr/US93/04I76. 



• 18 

Part 4 

Demineralized water 80,88 

5 TOTAL 858.16 

Part 1 is charged into a 2 liter reactor, mixed to dissolve and 
heated to 185rl87TF. Piart 2 is charged into an initiator feed vessel in order, • 
mixed and dissolved. Part 3 is charged into the monomeric feed vessel in 

10 order, without mixing. The contents of Part 3 are preemulsified and adjusted 
to an emulsion temperature of 80-85°R Polymerization is started by adding 
5% of Part 3 into the reactor in a single shot The reactor temperature is 
stabilized to 185-187T and all of Part 2 (initiator solution) is added in a 
single shot. The temperature of the reactor will rise. When stable, the 

15 remainder of Part 3 is added over 90 nainutes. The reactor temperature is 

controlled to 190-194T?. At completion of Part 3 addition, the reactor is held 
at a tenq)erature of 190-194°F for 60 roinutes, cooled to lOOTF, and Part 4 is 
added over 5 minutes. 

The solids content of the product was 35.25%. The results for 

2 0 the polymer product obtained in each of exanq)les 4-8 are shown in Table 2 
below. This Table demonstrates the effectiveness of oligomeric chain 
transfer agents using a different water soluble pofymerization initiator. 
Again the control (Example 4) provides a latex with unmeasurable molecular 
weight, but presumed to be above an of 100,000. Addition of the pMMA 

25 to the polymerization, either by placement in the reactor at the beginning of 
the process (Examples 5 and 6) or throu^ continuous addition concurrent 
with other monomers (Exan5>les 7 and 8), provides substantial molecular 
weight reduction. Piartide size does not vary much above the control and in 
most cases found to be smaller than the control. 
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EXAMPI£S9^10 
These examples iflustrate an emulsion process according to the 
present invention having a functional macromonomer, poly (hydrojg^ethyl 
methylacrylate) or pHEMA. The overall reaction composition,by weight, is 
5 BMA / 2EHMA / MAA / methacrylamide / pHEMA, according to the 
respective ratio of 30 : 61 : 3 : 3 : 3, wherein 2EHMA is 2-ethylhexyl 
methacrylate, MMAis methyl methaciylate, and HEMA is hydroxyethyl 
metiiacrylate, and pHEMA is a poly(hydroxyethyl methacrylate) 
macromonomer chain transfer agent The following components were 
10 employed. 



Parts by 
weight 

Parti - 

15 Demineralized water 250.40 

TREMLF^O 1.33 

DUPANOLWAQE Lll 

Part 2 

20 Demineralized water 32.64 

Ammonium persulfate(E3rample 9) 0.76 

4,4^-Bisazobis(4-cyano-valieric add) 0.93 
(Exanq)lelO) 

25 Parts 

Butyl methacrylate 90.52 

2-Ethylhe^l methacrylate 184.05 

Methacrylamide 9.05 

MethadylicAdd 9.05 

30 pHEMA* 12.57 

TREMLF-40 3.80 

DUPANOLWAQE 3.11 

Demineralized water 181.87 
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Part 4 

Demineralized water 80.88 

TOTAL 858.16 

5 *72% in methylethyl ketone 

Part 1 is eharged into a 2 liter reactor, mixed to dissolve and 
heated to 185-187°F. Part 2 is charged into an initiator feed vessel in order, 
mixed and dissolved. Part 3 is charged into the monomeric feed vessel in 

10 order, without mixing. The contents of Part 3 are preemulsified and adjusted 
to an emulsion temperature of 80-85TF. Polymerization is started by adding 
5% of Part 3 into the reactor in a single shot. The reactor temperature is 
stabilized to 185-187T and all of Part 2 (initiator solution) is added in a 
single shot. The temperature of the reactor will rise. When stable, the 

15 remainder of Part 3 is added over 90 minutes. The reactor temperature is 

controlled to 190-194T. At completion of Part 3 addition, the reactor is held 
at a temperature of 190-194T for 60 minutes, cooled to lOOT, and Part 4 is 
added over 5 minutes. 

The solids content of the product is 34.07%. The results for 

20 the polymer product obtained are shown in Table 3 below. Table 3 
demonstrates that the functionalized oligomeric chain transfer agent 
(pHEMA) can also perform as an effective chain transfer agent using either 
persul&te or azo polymerization initiators. 
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EXAMPLES 11 to 13 
Examples 12 and 13, with Example 11 as a control, illustrate, 
according to the present method, the preparation of a polymer in an aqueous 
system, from MMA / STY / 2EHA / HEA / MAA / 

METHACRYLAIt^E / OUGOMERIC pMMA in the respective ratio, by 
weight, of 26^-X: 50 : 3.0 : 3.0 : 2.5 : X, wherein MMA is methyl 
methacryate, STY is :iiyrene, 2EHA is 2-ethylhe5g^l aciylate, HEA is hydroxy 
ethyl acrylate, MAA is methacrylic acid, and "oligomeric pMMA "is a 
* poly(methyl methacrylate) macromonomer according to the present 
10 invention. The following components are employed in the polymerization. 







Parts hv 






weight 




Parti 




15 


Demineralized water 


250.94 




TREMLF-40 


133 




DUPANOLWAQE 


1.11 




Part2 




20 


Demineralized water 


32.64 




Ammonium persulf ate 


0.76 




Parts 






Methyl methaciylate 


82.66-X 


25 


Styrene 


46.80 




2-ethyl hexylacrylate 


156.00 




2-hydro3Qr ethylaciylate 


9.36 




methacrylic add 


936 




Oligomeric pMMA 


X 


30 


Methacrylamide 


7.80 




TREMLP-40 


3.80 




DupanolWAQE 


3.11 




Demineralized water 


181.87 
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Part 4 

Demineralized water 79.00 
TOTAL 783.88 

5 

Part 1 is weighed into a 2 liter reactor, mixed to dissolve and 
heated to 185-187T. Tlie ingredients in Part 2 are loaded into a initiator 
feed pot in order, mixed and dissolved. Part 3 is loaded into the monomer 
feed vessel, in order as listed, without nrndng. The contents of Part 3 are pre- 
10 emulsified and adjusted to an emulsion temperature of 80-85°F. As soon as 
the emulsion is made, 5% of the monomer feed is dropped into the reactor in 
a single shot. The reactor temperature is stabilized to 185-187T and all of 
Part 2 is added in a single shot. The reactor temperature will.begm to raise 
in about 5 minutes. When the temperature begins to level out, the 
15 remainder of Part 3 is then added over 90 minutes. Temperature should be 
controlled to 190-194T. At the completion of the addition of Part 3, the 
temperature is held for 60 minutes and then cooled to 104TP, Part 4 is added 
into the feed vessel over 5 minutes. 

The theoretical solids are 29,25%. The results are shown in 
2 0 Table 4 below and demonstrate that the oligomeric pMMA chain transfer 
agent can reduce the polymer molecular weight of polymers composed 
mostly of adylate and styrene monomers. 
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EXAMPLE 14 

This example illustrates^ according to the present method, the 
preparation of a polymer in an aqueous system, from MMA / STY / 2EHA / 
HEA / MAA / N-Methylol-methaciylamide /.oligomeric pMMA in the 
5 respective ratio, by weight, of 24 : 1 : 50 : 5.0 : 5.0 : 5 : 10, wherein MMA is 
methyl methacryate, STY is styrene, ^HA is 2-ethylhe:qrl acrylate, HEA is , 
hydros ethyl acrylate, MAA is methacrylic acid, and "oligomeric pMMA " is 
a poly(metbyl methacrylate) macromonomer according, to the present 
invention. The following components are ernployed in the polymerization. 



10 

Parts by 
weight 

Parti 

Demineralized water 878^9 

15 TTlEMLF-40 4.66 

POLYSTEPBt 333 

Part2 

Demineralized water 104.24 

20 Ammonium persulfate 2.66 

Parts 

Methyl methacrylate 360.97-X 

Styrene 10.62 

25 2-Ethylhexyl acrylate 530.84 

2-Hydrox7ethyl acrylate 53.08 

Methacrylic add 53.08 

pMMA macromonomer X 

N-methyIol*methaciylamide 88.47 

30 TREMLF-40 1330 

POLYSTEPBl 931 

DemmeraMzed water 547.45 
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Part 4 

Demineralized water 10.01 

Ammonium persulfate 1.50 

5 Parts 

Aqueous ammonia (29%) 19.96 

Biodde 2.66 

Demineralized water 369^ 

10 Total 306438 

Solids Total 1081.63 

Theoetical solids 35.30 



Part 1 is weighed into a 2 liter reactor, mixed to dissolve and 
15 heated to 185-187T. The ingredients in Part 2 are loaded into a initiator 
feed pot in order, mixed and dissolved. Part 2 is loaded into the monomer 
feed vessel, in order as listed, without mixing. The contents of Part 3 are pre- 
emulsified and adjusted to 80-85T. As soon as the emulsion is made, the 
monomer feed is dropped 5% into the reactor (setting at 185-187°F) in a 

2 0 single shot. The reactor temperature is stabilized to 185-187°F and all of part 

2 is added in a single shot The reactor temperature will begin to raise in 
about 5 minutes. When temperature begins to level out the remainder of 
Part 3 is begun to be added over 90 minutes. Temperature should be 
controlled to 190-194T. Part 4 is added to the reactor is a single shot 60 
25 minutesafterthestart of Parts. The results are shown in Table 5. This 

example demonstrates that modUacations to the composition, including the 
use of the functionalized and reactive monomers n-methylol-methacrylamide 
in the process have little or no effect on the efficiency of the chain transfer 
agent At tibe completion of Part 3 the ten^>erature is held for 60 minutes 

3 0 and then cooled to 104T. Part 5 is added into the feed vessel over 5 minutes. 
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EXAMPLE 15 
This example illustrates a suspension polymerization, 
according to the present invention, with VAZO azo 64 initiator and an 
ACRYLSOL Al polyaoylic acid suspension agent (hydroxylethyl cellulose 
5 may be used instead). A homogenous (100%) linear methyl methaciylate 
polymer product is thereby prepared. The molecular weight of the product is 
controlled with a macromonomer of moderate molecular weight. The 
resulting polymer product is 95% of a methyl methacrylate and 5% of a 
methyl methacrylate macromonomer. The components employed are as 
10 follows. 

Parts by 
weight 

Parti 

Deionized water 1506.86 
15^ ACRYLSOL Al 50.00 

Sub-total 1507.61 

Part 2 

methyl methacrylate 435.83 
20 Macromonomer 22.94 

Sub-total 458.77 

Part3 

VAZ064 2.00 
25 Deionized water 3.14 

Sub-total 5.14 

Final Total 1971^2 
The initiator VAZO 64, a registered trademark, is 
3 0 commercially available for Du Pont (Wilmington, DE) and ACRYLSOL A, a 
registered trademark, is commercially available from Rohm & Haas 
(Philadelphia, PA). 

Into a jacketed flask with internal baffles and a high speed 
stirrer is added methyl methacrylate monomer, a low molecular weight 
3 5 polyacrylic acid, and deionized water. The multi-bladed stirrer is engaged 
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30 



10 



and incareased in speed to about &6o rpm. The contents of the flask are 
heated to 65°C and the initiator VAZO 64 is added. The contents are heated 
to 80°C and maintained at that temperature for two hom^s. The contents of 
the flask are ffltered through cloth and washed with deionized water. The 
solid polymer is placed in an oven to diy. 

The reaction product obtained is 461.52 parts (23.41%) solids, 
the reaminder being deionized water solvent The solids include 458.77 parts 
(23.27%) metbyl methacrylate monomers. Aq analogous procedure was 
carried out with 2S% macrompnpmer arid, as a control with no chain 
transfer agent, neidier a mercaptan nor a macromonomen The results are 
shown in Table 6 below. 



TABI£ 6 



15 



20 



25 



No mercaptan 
2.5% MMA macro 
5.0% MMA macro 



Mol. wL 

- > 100,000 
37314 
20924 



. MoL wt. 

Weight ave- 

>200,000 

74830 

43539 



EXAMPLE 16 
This exaiuple fllustrates the preparation of a pMMA 
macromonomer chain transfer agent such as employed in the present 
invention. Areactorwas equipped wifli a stirrer, thermocouple, and 
condensor. The reactor was held under nitrogen positive pressure and the 
following ingredients were employed, " - 



Parti 
30 Ethyl acetate 

Methyl methacrylate 



Parts by 
Weight 
248.66 
499.07 



35 



Part 2 

Ethyl acetate 
Catalyst* 



87^5 - 
0.3540 
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Part 3 

Methyl methacrylate 1996.71 
Part 4 

5 VAZ0 52 19,62 

Ethyl acetate 848.33 

*diaquobis(borondifluorodipheiryl-glyoximato) cobaltate (11) 

Part 1 was charged to the reactor and heated to Sff'C. When the temperature 

10 stabilized at 80°C, Part 2 was charged to the reactor as a single shot feed. 
Part 3 (the monomer feed) and Part 4 (the initiator feed) were added 
concurrently, except that Part 3 was added over 240 minutes and Part 4 was 
added over 300 mmutes. When the initiator fc^ed in complete, the reaction 
mixture is held for 30 minutes. The solvent and unreacted monomer are 

15 then distilled ofE. 

EXAMPLE 17 
This Mample illustrates the preparation of a EMA/BMA 
macromonomer chain transfer agent such as employed in the present 
2 0 invention, wherein EMA is ethyl methacrylate and BMA is butyl ' 

methacrylate. A reactor was equipped with a stirrer, thermocouple, and 
condensor. The reactor was held under nitrogen positive pressure and the 
following ingredients were employed. 

25 Parts by 

Part 1 Weight 

Ethyl acetate 248.66 

Ethyl methacrylate 250.00 

Butyl methaciylate 250.00 



30 



Part 2 

Ethyl acetate 87:25 
Catalyst* 0.3540 



wo 93/22351 



PCT/US93/04176 



* 32 

Part 3 

Ethyl methaciylate 998.36 
Butyl methacrylate 998.36 

5 Part 4 

VAZ052 19.62 
Etlqrl acetate 648.33 

*diaquobis(boroiidifluorodipheityl-^yoximato) cobaltate (IS) 
10 Part 1 was charged to the reactor and heated to 80°C When the temperature 
stabilized at 80°C, Part 2 was charged to the reactor as a single shot feed* 
Part 3 (the monomer feed) and Part 4 (the initiator feed) were added 
concurrently, except that Part 3 was added over 240 minutes and Part 4 was 
added over 300 mimites. When the initiator feed in complete, the reaction 
15 mixture is held for 30 minutes. The solvent and unreacted monomer are 
then distilled off. 

The best mode presently contemplated for carrying out the 
invention is represented by the disclosure and claims herein, it being 
understood that selection of the best mode will depend on a variety of 
2 O fectors, including the monomers being polymerized, the particular chain 

transfer agent and theinitiator employed, and the amounts diereo^ and the 
polymerization conditions, such as temperature, pressure,^ conversion and 
yield. 
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CLAIMS 

We daim: 



25 



1. A method of free radical pplymerization of unsaturated 
monomers, characterized by being carried out in aqueous medium in the 
presence of a macromonomer, or a molecular weight distribution of 
macromonomerS) having the following end group: 



10 X 



CH2 



where X is -CONR2, -COOR, ORI, -OCOR, -OCOORI, -NCOORI, halo, 
cyano, or a substituted or unsubstituted phenyl or aiyl, wherein each R is 
independently selected from the group consisting of hydrogen, silyl, or a 
substituted or unsubstituted alkyl, alkyl ether, phenyl, benzyl, and aiyl, 

15 wherein substituted means with a substituent selected from the group 

consisting of epoxy, hydrojq^, isocyanato, cyano, amino, silyl, add, halo, or 
acyl; and wherein r1 is the same as R except not H; and wherein each alkyl 
is independently selected from the group consisting of branched, unbranched, 
or QTclical hydrocarbons having 1 to 12 carbon atoms; and halo or halogen is 

2 0 bromo, iodo, chloro or fluoro; except excluding the use of a pure dimer when 
X is substituted or unsubstituted phenyl or aiyL 

2. The method of daim 1, wherein the polymerization is an 
emulsion or suspension polymerization of imsaturated monomers. 



3. The method of claim 1, wherein polymerization is 
conducted in the presence of an effective amoimt of a macromonomer, or 
molecular weight distribution of macromonomers, having the following 
formula: 
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CH5 

C*-CH2- 



— C— CH2-piI 



CH- 



n-1 



wherein a is on average 2 to 100 and to XT^ are independently X as 
defined above. 



10 



15 



20 



4. The method of claims 1 or 3, wherein polymerization is 
conducted in the presence of a niacromonomer, or molecular weight 
distribution of macromonomers, in which X is -GONR2, -COQR, or an 

unsubstituted or substituted phenyl or aiyl, and R is as defined above. 

5* The method of claims 1 or 3, wherein polymerization is 
conducted in the presence of a macromonomer, oj niolecular weight 
distribution of macromonomers, in which X is -COOR or phenyl and R is 
alkyl or phenyl, either of which may be unsubstituted or substituted with 
epoxy, hydro^, silyl or adld. 

6. The method of daim 1 or 3, wherein polymerization is 
conducted in the presence of an effective amount of a macromonomer, or 
molecular weigjit distiibutipn of noiacromonomers, having the following 
formula: 



(n-l) 



^^C.-^ ^CHn-Hc CH. 

II . Ml 

o: I-CH3 



— H 
n-l 



wherein n is, on average, 2 to 20 and R1 to R^ are each independently 
25 selected from the group consisting of hydrogen, subs4tuted or unsubstituted 
alkyl, al^l ether, phenyl, benzyl, or aiyl, wMch substituent is selected from 
the group consisting of epo^^j hydroxy, isoqranato, cyano, amino, silyl, add, 
halo,^ or acyl; and each alkyl is independently selected 
consisting of brandhed, unbranched, or cyclical hydrocarbons having 1 to 12 



wo 93/22351 



PCT/tIS93/04176. 



• 35 

carbons, halo is selected from the group consisting of bromo, iodo, chloro 
and fluoro, and silyl is -SiR2(R3)(R4)^ wherein R2 r3, and r4 are 
independently alkyl, phenyl, aliyl ether, or phenyl ether, wherein alkyi is as 
defined above. 

5 

7. The method of daim 1, wherein the polymerization is 
carried out at 20° to IIGTC. 

8. The method of claim 1, wherein the polymerization is 
1 0 carried out in the presence of an initiator. 

9. The method of daim 8, wherein the initiator is an azo or 
peroxide containing compound. 

15 10. The method of daim 1, wherein a mixture of different 

monomers is copolymerized. 

11. The method of claim 10, wherein a portion of the 
monomers have a functionality which is capable of reacting to form a 

20 crosslinking site. 

12. The method of daim 11, wherein the functionality is 
selected from the group consisting of epoxj^, hydroxy, isocyanato, silyl, amine, 
add, aayl and methacriyamide, or combinations thereof. 



25 



30 



13. The method of claim 1, wherein the macromonomer chain 
transfer agents employed in the present invention have a distribution of 
molecular weights and have a degree of polymerization ranging from 2 to 
100. 

14. Hie method of daim 13, wherein the macromonomer 
chain transfer agents employed in the present invention have a distribution of 
molecular weights and have a degree of polymerization ranging from 2 to 20. 



35 



15. The method of claim 3, wherein n is on average 2 to 7. 
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16. The method of . claim 1, whereia the macromonomers are 
substantially pure. 

5 17. The method of claim 1, wherein the macromonomer is 

comprised of alkyl methacrylate wherein the alkyl has 1 to 10 carbon atoms. 

. 18. The method of claims I or 3, wherein the macromonomer 
is comprised of .monomermdls selected fi'om the group consisting of methyl, 
10 ethy^ propyl and butyl methacrylate; fluorinated allsyl methacrylates, alpha- 
methyl styrene, hydroxyethyl methacrylate, glycidyl methacrylate, methacrylic 
ad4 inetiiacrylonitrile, or corobinatioiis thereof. 

19. Themeliod of claim lor 3, wherein the macromonomer 
15 or distribution of macromonomers lare the product of a nietal chelate chain 

transfer process. 

20. The method of daim 1^ wherein the effective amount of 
macromonomer is in the range of between 0.01 % and 80% by weight of the 

20 monomers present. 

21. The method of daim 20^ wherein the effective amount is 
between 1 and 20% by weight. 

25 22. A copolymer made by the method of daim 1, characterized 

by at least one end group having the following formula: 

3 0 23. A composition comprising the copolymer of claim 22. 



24. The composition of clajni 23, wherein the conq)psition is a 
coating for a substrate. 
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25. The composition of daim 24, wherein the composition is 
pigmented or mipigmented 
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